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Treating dispsmions of aofyionitriSe polymers 

Background of the invention 

Acryionitriie is the basis for a family of important ebmrnareiaf polymers. For example, copolymers 
of butadiene with less than 50% acryionitriie provide oil .resistant polymers, Copolymers of alky! 
acryiatss with aervioRftrile provide a range of polymer products. For example when ethyl acryiate is the 

5 major component, oil resistant elastomers am obtained; 'and- when aeryfenitrile is the predominant 
comonomsr. useful molded plastic materials are obtained. Copolymers of a major proportion of styrene 
and minor proportions of aavlorsitrite are also useful Irs modifying vinyl chloride polymers, as avoidable 
p!astics and as components of ABS resin blends, Normally these acryionitriie containing polymers am 
preoared bv ooiymerfeatiDn in water. Even when such polymerizations are Substantially complete, there 

io still remains undesirable amounts of unpolyrnerizeti acryionitriie dissolved both in the polymer and the 
water. Normal procedures of stripping by vacuum or steam does not normally remove ail of this 
undesirable acryionitriie. 

Summary of the invention 
is Residua! acryiomtrile dissolved in acryionitriie homo- or copolymers and/or water in which 
acryionitriie polymers are polymerized or processed such as a latex thereof or from acryionitriie 
processes can be substantially reduced by adding to polymer-water mixtures, for example, after at teas* 
90% of the monomers have been polymerized, additional catalyst and an amount of comonamer In 
excess of the amount of free acryionitriie present. 

Detailed dsscffetion 

The aqueous suspensions or dispersions of acryionitriie polymers used In practicing the present 
Invention are Obtained by polymerizing acryionitriie alone, or more normally with other vinyildene 
zs cemonomers to form copolymers, for example with BO weight percent or mare of butadiene, up to SO 
weight percent acryionitriie with 50 — 95 weight percent styrene, and 5 — 50 Weight percent 
acryionitriie with 1 — 99 weight percent each of an aikyl acryiate such as methyl acryiate,. ethyl 
aerylats, buty! acryiate, methyl methaeryiate with styrene and acryionitriie on a butadiene polymer in 
the well-known ABS resins, and other copolymers, 

39 Typically, the poiymerizabie comonomers used in addition to butadiene, styrene and an aikyl 
acryiate or slkacrviate wherein the aikyl group contains 1 to 8 carbon atoms, will be yinylidene 
monomers having at least one terminal CH 4 m< group. Poiymerizable comonomers useful in the present 
Invention Include.' other vinyl aromatics as a-metbyl styrene and ehtorostyrene; a~oiefins s^^ivas 
ethylene, propylene, and isobutyiene; vinyl halicies such as vinyi chloride, vinyl bromide, vinyl fluonae, 

is vtnyiidene chloride, and vinylidena fluoride; vinyl esters such as vinyl acetate, other «^-oleftnioaSiy 
unsaturated nitrites such as methacryionitrile; alky! vinyl ethers such as methyl vinyl ether, isopropyj 
vinyi ether: n-butyi vinyi ether, isopropyl vinyl ether, and haioaikyl vinyl ethers as 2-chioroetbyl vmyi 
ether; n-octyi methaeryiate. dodecyi methacrylate. methyl etbaerylate, ethyl ethacryieta, baioalkyi 
acrviates as chiorooropvi acryiate, amino-acrylates and methacryiates: vinyl ketones; vinyi pyridine, 

40 a f^oiefinkally unsaturated amides such as acryiamide, N-methyl acryiamide, N-t-butyt acryiamide, N- 
cyctahexy! acryiamide, dlacetone acryiamide; methacryfamide, and N-ethyi methaeryismsde, «,/>- 
olsfiriicaily unsaturated N-alkylol amides having the structural formula 
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so wherein R is a hydrogen or an aikvi group containing from I to 4 carbon atoms and x :s a numoer worn 
1 to 4, R, is hydrogen or an alky! group such as N-methyioi acryiamide, N-ethyioi acryiamide, H- 
propvlol aorylamlda, N-rrtethyioi methaeryiamide, and N-ethyloi meihaeryiamide; polyfunctions! 
comooands such as methyiene-bis-acrylamide, eihylene giyeoi dimethylacrylate, dlefhyiene glycol 
dlacryiste. ailyi oeotacrythritoi arid divsnyl benzene; ^-oiefinicafiy unsaturated earboxyiic eesd 

ss monomers containing from 3 to 10 carbon atoms such as acrylic acid, metbaeryHc aesd, crotontc acid, 
g-scryloxy oropionlc acid, hydrosorWc acid, sorbic acid «-chCorosorf>ic acid, cairtamic acid, p- 
'styryiactylic acid, itaconic acid, citraconfe acid, rnajeie acid, fumsrio acid, mesaeoree acta, giutacansc 

«vo ^ a a p^^ f g dci momi v&rn are the a^-monooieffnicaliy unsaturated monocsfboxyile acids 
m S u C h as acry lic acid and methaeryisc acid, as are known to those skiiied in the art. Mixtures of one or 
more of the above-mentioned monomers may be employed if desired. 

Generally, butadiene or aikyl acryiate polymers will contain 50 to 70% by weight butadiene, or 
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alkyi acryists wherein the alkyi group contains 1 to 8 carbon: atoms, 29 to 45% of scrylonltrlte and up 
■a about 20% by weight of other poiymsrszabie vinylidene comonomens interpolymer&ed. 

The poivmer latices may be prepared using any of «te- conventional polymerization techniques 
known to those skilled In the art, usually in an aqueous emulsion. The emulator may fas charged st the 

P outset of the polymerization or may Be added incrementally or by proportioning throughout the run, 
Anv of the general types of anionic, cationie or nonionic emuislflers may be employed, however, best 
results are generally obtained whan anionic emulators are used. Typical anionic emulators which may 
be used include those types known to those skilled in the art, for example, 88 disclosed beginning on 
oaqe 102 in J, Van Alphen's "Rubber Chemicals", Elsevier, 1958, for example, the alkali metal or 

fn ammonium salts of the sulfates of alcohols containing from 8 to 1 8 carbon atoms such as, for example, 
sodium lauryl sulfate; alkaii metal and ammonium salts of sulfonated petroleum or paraffin oils; sodium 
saits of aromatic sulfonic acids such as dodesane-T-suffonlc acid and octadlene-1 -sulfonic acid; alkyi 
sryi sulfonates such as sodium isopropy! benzene sulfonate and sodium dodecyl benzene sulfonate; 
alkali metal and ammonium salts of sulfonated dicsrboxyiSc acid esters such as sodium dloctyi 

ts suif ©succinate and disodlum N-octadeeyl suifosuceinamate; alkali metst or ammonium salts of the free 
adds of complex organic mono- and diphosphate esters. 

So-called nonicnic emuislflers are actyl- or nonyfpheny! poiyethoxyethanoi. Usefus as emulators 
sre the sfksls metal salts of the aromatic sulfonic acids such as sodium saits of the aromatic sulfonic 
acids and the sodium salts of the alkyi aryl sulfonates of the formula R-bAr— S0 3 |" M + wherein R is alky! 

so or aikenyl having 8 to 2.0 carbon atoms, Ar is aryl or phenyl or nephthy! and M Is the metal Ion. in 
addition "to the "above-mentioned emuisifiers it may be desirable and advantageous to add post- 
polymerization emuisifiere and stabilizers to the polymeric anionic latex in order to improve the latex 
stability $ \i is to be stored for prolonged periods prior to use. Such post-polymerization emolssflers may- 
be the same as, or different than, the emulstfier employed in conducting the polymerization but 

zs preferably are anionic or non-ionic surface active agents. 

To initiate the polymerization free radical catalysts are employed. The use of such catalysts, 
although in certain systems not absolutely essentia!, Insure a mare uniform and controllable 
polymerization and a satisfactory polymerization rats, Commonly used free radical initiators Include the 
various psroxyqen compounds such as the persuifates, organic peroxides, benzoyl peroxide, t-butyi 

so hydrope!-0:!cide,.""cumane hydroperoxide; azo compounds such as azodilsobutyronitrile, and dimethyl 
azodiisobutyraW. Especially useful as polymerization initiators are the water-soluble peroxygen 
compounds such as'hydrogen peroxide 3nU the sodium, potassium and ammonium persuifates. 

The alkali metal and^ ammonium persulfate catalysts may he employed by themselves or in 
activated redox systems, Tvoical redox systems include the persuifates in combination with: a reducing 

as substance such as a polyhydroxy phenol and an oxidlzable sulfur compound such as sodium: Sulfite or 
sodium bisulfite, a reducing sugar, a dlszomercapin compound, a ferricyanide compound and dimethyl- 
sminopropionifrsle. Heavy metal ions such as silver, cupric. iron, cobalt, nickel and others may also be 
•used to activate persuitete catalvzed polymerizations. The well known redox systems using organic 
peroxides and organic hydroperoxides may also he used advantageously, in gewsithe amount of free 

■m radical initiator employed will range between 0.1 to 5% based on the weight of the total monomers. 
The initiator is generally completely charged at the start of the polymerization, however, Incremental 
addition or proportioning of the initiator throughout the polymerization Is often desirable, in conducting 
the polymerization for the preparation of the Iatic.es---- the possible starting materials, of the present 
Invention— the monomers are tvpicaily charged Into the polymerization reactor which contains the 

as water and the emulsifying agent' The reactor and its contents are then heated and the polymerization 
initiator added. The temperature at which the polymerization Is conducted is not critical and may range 
from 0°C or lower to S5 a C or higher. Excellent results, however, have been obtained when the 
polymerization temperature is maintained between 5°C and S0°C. Polymerization modifiers such as 
the" primary, secondary, and tertiary mercaptans, buffers and electrolytes may also be included m the 

so polymerization, , 

' In the practice of the invention, when at least 90% of the monomers have copoiymenzea, mors 
preferably after 33—95% monomers have been copolymertzed, there is added to the polymerization 
mixture an amount of the comonomer being polymerized with acryionltriie preferably in excess or the 
uncolymerized acryionitriie, and additional catalyst, to induce copolymerszetioo of said comonomer 

3§ ws m the scrvionUnie effectively to decrease the amount of free residue! acryionitriie below 100 parts 
per million- more preferably below 25 parts per million. While the most effective comonomer amount 
that can be added may be used, there is a practical maximum amount in adding only a sufficient 
amount to insure reaction with substantially ail of the free acryionitriie to reduce the problem or loss or 
recovery of the excess comonomer. Normally sn amount from equimolartb 50 mole percent excess to 

«o the acrvkmkrlie will he satisfactory. 

The catalyst employed is preferably one that will complete the reaction in s matter of only a tew 
hours. The redox catalysts are well known and may be used that involve the use of s combination 
reducing egent and peroxy catalyst, for example, heavy metal compounds such as ferrous iron or coosit 
sre generally effective with organic peroxides such as capryioyl peroxide, iauroyi peroxide, cumene 

& hydroperoxide and diisopropyt benzene hydroperoxide. Also useful in such systems sre polyhydroxy 
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ketones such as the sugars with ferrous salts and ctimene hydroperoxide, Gluconates have also been 
round to be useful- Other effective active catalyst systems include pereuifate-DlsuMta systems; 
Mwamhr sapamir.e and dlazotftioether catalyst systems, m am wetl known in the art, including -horn 
« e t to^h hereinabove Of course any catalyst system may be used, for example even sodium persuira.e 
a^d slogan peroxide, but normally on a production basis it is desirable that equipment be feed up as 
short a nerkxl as possible for this step, so that the more active catalysts ate employes to obtests faster 
reaction rates and equipment: turn around. Other known catalysts such as potassium persu irate may be 
used if ionqer reactions are acceptable. , „ it _ 

' Ths 4ryionltriis iavei may be decreased in accordance with the invention oy adolog the excess 
comonomer and catalyst in the reactor after 90% conversion has been reached, in blow-down, noldor 
stereo* tanks after removal from the polymerization reactor; or in any suitable container preferably 
eauioped with agitation and heating means. In the selection of comonomer, rt wM be understood .ha, 
hVpoSvmer disoersions of high conversion a different monomer may be introduced for reaction «. J the, 
acryionitrite in those situations where small amounts of another copolymer are not undesirable. For 

copolymer of styrene and acryionltrile where at tne eno or ths 




would normally be mixed in with the copolymer of styrene ano 
20 not undesirable. Butadiene is a particularly useful monomer and would * 

acryiomtrile level of polymer dispersions since it reacts readily with acrylcm me, particu sdy when 
in an excess and because of its low boiling point of about -4«C, it is easily sm efficiently 
removed from the polymer dispersion without expensive or extensive processing. 

As stated, snv catalvst system effective in the copoiymerization of acrytenttdta wto other 
is monomers at reasonable temperatures, in the range of S to 95«C, more preraraoly 20 to 50 C. may ba 
sod When butadiene Is used as the reactive oomonomer for decreasing the level of acryiot^riie the 
S5Sffild he in excess; for example, the butadiene ieve! 

combining ratio or combining weight of butadiene with acryfonitriie, wn.cn » 63 to J?-™* «™». nt « 
catalyst employed based on the paroxy compound, preferably is an amount at least about 0,10 part 

so paroxy comoound based on the total monomer and polymer present. . tn 

P With effective redox type catalyst systems, a temperature range of 25 to js aat staew^te 
provide reaction rates of 3 to 5 hours with a resulting amount of rescue! acry,on.tnfe obtain^ of lass 
than TOO ppm img/kgj. In other words, reaction temperatures of f 0 ^^^^^^ t ! 
normal polymerisation temperatures for the aqueous potymerotatton of acrylonitrtle polymers are 

ss satisfactory, 

^""Slwonfymar of butadiene and acryiooibiie was prepared In water to forma latex in accordance 
v^th me reels* set forth in the Table below. With the exception of the control, aadrbona! outadieoe and 
4a cateivS were added to the polymerization mixture after the monomers had reached a convenor, to 
Smer of 8D 4ximatelv 95%. All parts were parts by weight. The results in residua! acrylonitnia after 
^a mm w-a ^ forth" n the Table. Run A was the control, with no addition of butadiene or catalyst. 
t&T&Z ^ stretS the" ineffectiveness of catalyst alone wt^Jta «mo^. ^ng *e 
temperature of the control from ths polymerization temperature of 35*U » 7 ^f^,^ rs J d K ^ 
48 result <n any decrease in residual acryionitriie- The temperature was a.so raised m Bun 8 wrt.i no 
;^? c ;4 V^i fn acryio^la content after several hours at the elevated temperature, in Runs C 

addition was made after the initial addition and as shown m Run 
F where no second addition was made, such second addition is normaily^eca^ry. 

On a production scale butadiene/scrylonftriie copolymer latex is prepaied, which «tter aversion 
m W aa as emiaily complete, contained about 8000 to 1 5000 ppm of free acrylon rtrja. Tn. ,re was added 
to *H# i* t px « oarts o* water containing 0.001 phr of sodium haxabydroxyheptonate, 0.001 pw o> 
Ice um ^Sinlh. tetraacadc acid salt, 0.001 phr of trtedum ^ediamm^raaca^c 
8 „j t o i D hr of sodium formaldebyde suifoxytate. and 0.1 phr ot sodium sulfite, 5 phr of DUtadiene- 
13 and 0.2 ohr I f Sana hydroperoxide {0,3 of 70% cumane hydroperoxWeS at a temperature of 
ss about After about 4 hours, the residual or free acryionltrlte had been reduced to an average ot 

aboj s P^m conducted with iaticss containing for example, 2.0% total solids of a 

•Wvm^of e^ori^ nomainina unreaoted acryfonitriie; an ABS latex containing free acryiomtnia; 
~ni Avi aSS^cMonifrila copolymer latex, treated respectively with additional styrene or 
«a l^T&X&n^tToi ethyl aoryiate where appropriate, with a redo, catalyst, tne amount of 
free acryionitriie is substantially reduced to Jess than 100 ppm. 
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Claims 

1 , A method for reducing the residua? acrytonitriJe dissolved in seryioniirile homo- or copolymer 
and/or water comprising adding to said scrylorsitdie polymer arid/or water a co-monomer 

s copolymerizabie with sctybnitriia and a catalyst tor inducing copolymemalion of said comooomsr with 
said residual scrytonftflie, 

2, The method of Claim 1 wherein said acryiomtriie polymer arid/or water is a latex of an 
acrylonitnls polymer, said acr/ionltrlle polymer having been converted from monomers to polymer to 
greater than 30% conversion. 

iq 3. The method of Claim 2 wherein the. amount of said comonomer added is in excess of the 
amount of residua! acrybnitriie present in said latex. 

4. The method of Claim 3 wherein said acryionitrlie polymer is a copolymer of butadiene and 
acryionitrfla, said comonomsr is butadiene and Is added In an amount to provide a weight ratio of 
added butadiene to residual acryionitrlie which Is greater than 83 to 37, said catalyst is s redox 

is catalyst, and said conversion Is greater than 93%< 

5. The method of Claim 4 wherein said redox catalyst consists of an organic peroxide and a 
reducing heavy metal compound. 

6. The method of Claim 4 wherein the temperature of addition of butadiene and redox catalyst is 
between 25 to 60°C and the amount of residual free acryionitriis resulting is less Mian 100 ppm. 

30 7. The method of Claim 4 wherein the amount of butadiene and scrylonitdla Initially 
coppiymerissd Is from 60 to 80 weight percent butadiene- 1,3 and 20 to 40 weight percent 
acryionitrlie. 

Patantarsspruche 

1 , Verfahren zur Verringerung des in einem Acrylnitril-Homo- oder -Copofymetisat und/oder 
Wassar oeioeten restiichen Acryinitnls, dadurch gekennzsicbnet, daS zu dem Acryinitril-Homo- Oder - 
Copoiymerisat und/oder VVasser em Comonomer, das mit Acrylnitrii copoiymsHsierfear ist, und etn 
Katalysatcr zur induzlarung der Copoiymerlsation des Comonoroaren mit dem restifehan Acrylnitrii 

3(i zugesetzt wird, 

2, Verfahren nach Anspruch 1 , dadurch gekennzelchnet, da& das Acryfnitrii-Poiymeriaat und/oder 
Wasser sin Latex eines Acrylnitril-Poiymerisats ist, wobsi dss Acryinitrit-Poiymetisat mit einem 
Umwandlungsgrad von mehr als 9096 aus Monomeren in das Poiymer GberfOhrt wurda, 

3, Verfshren nach Anspruch 2, dadurch gakennzeichrtet, dais das Comonomer In einar 
$g QbersehuS-Menge Qber die Mange des in dam Latex vorhandenen restiicosn Aerylnitriis zugesetzt wird. 

4, Verfahren nach Anspruch 3, dadurch gekennzelchnet, da6 das AcryinitnS-Foiymerisat ein 
Copoiymerisat sua Sutadlen und Acrylnitrii ist und das Comonomer Butsdlen ist und in einer Mange 
zugesetxt wird, so daS sin Gewichtsverhaltnls des zugesetzten Butadtens 2U dem restiSchsn Acrylnitrii 
erhaitsrs wird, das grdSar 1st als 83 zu 37, wobel der Katalysator eln Redox-Kaiaiysator Ist und der 

4$ Umwandfungsgrad grdSer als 33% ist, 

5, Vsrfshren nac-h Anspruch 4, dadurch gekennzelchnet, dsS der Redox-Kataiysator aus einem 
orgsnlschen Peroxid und einer reduzierenden Scbwermetail-Verbfndung besteht. 

8. Verfahren nach Anspruch 4, dadurch gekenozeichoet, dais die Temperatur, bei der des 
Butadien und der Redox-Kataiysator zugesetzt warden, zwischers 25°C und B0°C iiagt und die 
45 resuttiersnda Mange des restiichen frelen Acrylnitriis weniger als 100 ppm betrSgt. 

7. Verfahren nach Anspruch 4, dadurch gekennzelchnet, dsS die Mengen des anfSngifcb 
copolymerisierten Butadien und Acrylnitriis 60 bis 80 Gew.% Butadien- 1,3- und 20 his 40 Gew.-% 
Acrylnitrii betragsn. 

so Revendications 

1 . Precede pour redulre la quantM d'acrylonitrile residue! dissous dans un homopoiymere ou uo 
copolymers d'acrylonitrile et/ou dans !'es« f consistent a ajoutsr audit polymer* d'acrybnitriia st/oa a 
i'esu un eomono'mere copoiyrnerisabie avee racrySonltfiie et un catalyseur decienoham is copoly- 

ss merisation dud't eoroeriom6re aveo Sedit acryJonitrsle residual, 

2. Proceds suivarrt la revefsdication 1, dans Sequel is polymers d'acryionitrlle et/ou I'eau 
repressntent un latex d'un polymers d'acrytenHriie ledit pdymdre d'acryionitrtls syant ita convert! en 
polyr?i«re a par-ir de menameres a un degre de transformation de plus de 90%. 

3. Proceds sulvant la revendicatson 2, dans iequel la quantity ajoutee de eomonomdre est en 
eo exces per rapport a la quantity d'acryionitrlle residuei presents dans {edit latex, 

4. Precede sulvant la revindication 3, dans Iequel ledit pofym^re d'acrylonitrile est on copolymers 
de butadiene at d'aeryJanitrile, ledit comonomere est le butadiene at II est ajoute art une quantite 
correspondent I un rapport en pcids du butadiene ajout§ a i'acryionitrile residuei superieur a 63;37. 
ledit catalyseur est un catalyseur d'oxydoreductlon et ledit degre ds transformation est superteur a 

55 93%. 
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5, Precede sutvant Sa revandlcatiors K dans lequet te cataiyseur d'axydereduetbn consists en on 
peroxyds orgsniqus et en un compose fsductsur ds metal iourd. 

6, Precede suivant la revindication 4, dans Sequel' te temp&atur© d'addttbrs du butadiene et du 
cataiysew d'asydorSduetfon se sitae sntrs 25 et 60°C et Sa quantity d'aeryionitrUe Bbrs residue! 

s resultants est ?nferfeure a 100 ppm. 

7, Procidi suivani )a revsndicatfon 4, dam Sequel Sa quanta de butadiene et d'seryicnitrite 
Ntialament copoiymMsis est de 80 a 80% eft poids de butsdserse- 1 ,3 et de 20 a 40% en poids 
d'aeryionstrile. 
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